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ABSTRACT 


A theoretical investigation has been made to determine 
quantitatively the effects of temperature gradients, self-absorption, 
and spectral line-shape on the apparent rotational temperatures of 
OH. 

Emission experiments have been performed on the inner 
cone and on the outer cone of an oxygen-acetylene flame to 
determine the rotational temperature of the upper energy state of 


OH. 
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I. THEORETICAL INVESTIGATIONS OF DISTORTIONS 
PROCUCED BY TEMPERATURE GRaDIENTS, SELF- 
aBSORPTION, ND CHi.NGES IN SPECTRAL LINE- 


SHAPE 
aA. Introduction 


«. number of experimental studies have been reported on the 


population temperutures of the oi a § TV) transitions of CH in 


(1, 2) and at atmospheric pressures.’ i 


(1, 2, 4) 


flames at low pressures 
Using conventional techniques to treat the experimental data, 
the plots that are used for the determination of rotational temperatures 
are somctimes found to exhibit discontinuities or curvatures both in 
the region of small and of large values of the rotational energy <=(K.) 

of the initial (upper) state. The discontinuities observed for small 
values of K have been attributed to the formation of OH in the excited 
electronic state by different chemical reactions leading to a bimodal 


(1, 4) to the falsification of 


distribution of population densities, 
experimental data by absorption of emitted radiation by cooler gas layers 
through which the flame is viewed, (4) and to self absorption. (5) Some 


of the observed curvatures for large values of K have been interpreted 


to indicate predissociation according to the proccss 
on(*s +) — on(*s 7) ~~ of? P) + H(%5). 


It has been reported previously”! that the best available intensity 


(7) on OH indicate that the product of the maximum absorption 


estimatcs 
cocfficient Fe and of the optical density of the emitters X is not 


small compwured to unity for the more intense spectral lines of OH in 








«De 


representative low pressure flames. 

If F ee is not small then the conventional interpretation 
does not hold. Even the iso-intensity method fails. Quantitative 
studies of apparent rotational temperatures of OH in emission and 
absorption for spectral lines with Doppler contour have been pub- 
lished recently. (8) It is the purpose of the present paper to extend 
these studies and to investigate theoretically the cffects of tempera- 
ture gradients, self-absorption, and spectral line-shape on the 
apperent rotational tempersetures of OH. 

In Section B we examine the effect of spectral line-shape and 
of self-absorption on the use of the iso-intensity method for tempera- 
ture determination in isothermal systems. Intensities oi the K'th 
spectral line relative to the first spectral line are plotted vs. the 
rotational quantum number KF in Figs. 1 to 3 for the P,-branch, 

2 = 2 <7 transitions of OH, (0,0) band. The following para- 
meters were used in these calculations: a line-shape parameter a 
which depends upon pressure anda self-absorption parameter e 
which depends upon the amount of OH present. Table I indicates a 
large effect of a for smalla, but results are quite insensitive 

to . for large a. The conclusion ie reached that self-absorption 
errors become more important as the pressure is decreased. Be- 
cause of the ambiguity of matching lines of equal intensity for small 


i] 
values of a and large values of € , the iso-intensity method cannot 


> eS 
oe —— 








+ de 


be used, even for isothermal systems, at low pressures unless 
independent proof is provided that €& fi < 0.3. 

In Section C a two-path experiment is described for two 
adjacent isothermal regions and for spectral lines with Doppler 
contour. Equations are developed for calculating relative peak 
intensities for two-path and for single-path experiments (1/1). The 
results are summarized in Figs. 5to 8. A study of Figs. 5 to 8 
clearly shows that the ratio 1/1 is a very sensitive function of the 
concentrations of OH in the two isothermal regions. Thus a two- 
path experiment measuring peak intensities is a relatively sensitive 
device for studying self-absorption and temperature distortion 
quantitatively. 

In Section D an absorption experiment is described for two 
adjacent isothermal regions for spectral lines with Doppler contour. 
It is shown that the results obtained in Section C may be reinterp- 
reted to yield the absorptivity for discrete line sources by adjacent 
isothermal regions. Unlike peak intensity determinations in two- 
path experiments, the discretc line source experiment may be 
feasible with ordinury spectroscopic apparatus. 

In Section E two-path experiments for two adjacent isothermal 
regions are considered for spectral lines with combined Doppler 
and collision broadening. 


In Section F absorption experiments arc discussed for discrete 





line sources and two adjacent isothermal regions for spectral lines 
with combined Doppler and collision broadening. 

The calculations emphasize the fact that definitive conclusions 
regarding interpretation of flame spectra are not easy to obtain by 
use of conventional low-resolution spectroscopic studies of flames. 
Multiple path experiments or absorption studies with discrete line 
sources appear promising provided they are restricted to conditions 
under which the spectral line-shape is known. Alternately, the use 


of interferometric studies may be indicated. 


B. Effect of Line -Shape and of Self-absorption on the Use of the 


Iso-intensity Method” for Isothermal Systems 


«.ccording to the iso-intensity method the temperature ofa 
radiator is obtained from a comparison of two Spectral lines which 
are of equal intensity. Let a(h) be the total intensity of tne line 
identified by the index bh. Then, for spectral lines with Doppler 
(8) 


contour, 


AK) A(K ) = (cE cl IY | YC/ V, 0%") x (eu veca| (1) 


where I naxx) is the peak intensity emitted from the K'th line, 
U,,(K) is the frequency at the line center of the K'th line, and & (#) 
is 4 known function of the value of P max for the I ‘th line and is 


plotted in Ref. 8. Here F aie is the maximum spectral absorption 








ae 


coefficient and X is the optical density. The line-shape for combined 


Doppler-and collision-broadening is described by the parameter 
1/2 
a = (by + bp) (£n 2)°' db, (2) 


where bw, bo. and bn denote, respectively, the natural, the 
collision, and Doppler haif-widths. In general Bay <6 Be and a= 0 
for pure Doppler-broadening. 

In order to emphasize that iq. (1) applies to spectral lines 


with Doppler contour we shall write it as 


n(a 2 0, B)/Alsa = 0, K) 3 Ene = 0, I Ife 2 0, "| 
x | Up 0 Y,,008') | eu’ E(«) | (la) 


The effect of line-shape, under isothermal conditions, on 
the use of the iso-intensity method may be determined by evaluating 
the ratio Ala, K)/Ala, K ). This result can be obtained most 
conveniently by using Eq. (le) in conjunction with the "curves of 
growth". (9) 

The ordinate of the curve of growth ia proportional to A(e, K) 
for P na x? (K)- Thus the ratio A(a, K)/a(sa = 0, K) can be obtained 
simply by reading the ordinate corresponding to the known value of 
Pp. X(K). Finally, the quantity ala, K)/A(a,K ) 4s obtained by 


writing 








. 


Ale, K)/Ala, K ) = {fates tovat = 0, K)) /[ate. Vat = 0, |} 


x | Ate = 0, K)/A(a = 0, K')| ° (3) 


] 
The results for K = 1 of representative calculations at 
3000°K, using Eqs. (la) and (3) together with the ''curves of growth'' 


25 _gefas transitions of OH, (0, 0)-bana], 


| for the P)-branch of the 
are plotted in Figs. 1 to 3 for a = 0.005, a= 0.05, and a = 2, 
respectively. The self-abs,/orption parameter E again refers to 
the value of 1 - exp (-P ax) for the first line of the P,-branch 
and assumes the values 0.3, 0.7, and 0.95. 

In order to illustrate the combined effects of line-shupe and 
self-absorption on lines of equal intensity, from which conclusions 
might be drawn concerning the "temperature”™, the results listed 
in Table I may be consulted. In Table I the lines of intensity 
closest to the intensity for K = 3 and K = 6 have been tabulated for 
different values of “ andof a. Reference to the data shown in 
Table I indicates a large effect of e for smali a, but the results 
are quite insensitive to e for large a. Hence the conclusion is 
reached that self-absorption errors become more important as the 
pressure is reduced, i.c., as a is decreased. A more quantitative 
conclusion is justified only if absolute values are known for a in 


flames, which is not the case at the present time. 


_ 





aT 


Because of the ambiguity in matching lines of equal 
intensity for small values of a and large values of e. the iso- 
intensity method cannot be used, even for isothermal systems, at 
low pressures unless independent proof is provided that E a 0.3. 


) 
If € is sufficiently small then it can be shown that 


Ala, K)/alaK ) = S),. (K)/S 9 A(K ) (4) 





] 
Table Il. Effect of € anda on Lines of Equal Total Intensity. 


K value of line with intensity closest to K 2 3 for 


, ' 
E—E = 0.3 € =z=0.7 E = 0.95 
= 0.005 13 14 16 
= 0.05 13 14 16 
a=z=2 13 13 14 


K value of line with intensity closest to K = 6 for 


q q 

E = 0.3 E 20.7 E =0.95 
a = 0.005 10 1} 14 
a= 0.05 10 1} 13 
az2 10 10 10 





where Se a) is the integral of the spectral absorption coefficient 


forthe K'th line. Here So ylK) is givon by the expression” 





abu 


| 4 2 
S ;(K) = (6489/3c*) nici] vy 0 | [Lapa | /' P feat | (5) 


where c = velocity of light; Nu z number of molecules per unit 
volume per unit pressure in the upper energy state; Yp, = fre- 
quency of the emitted or absorbed radiation at the center of the 
line, which is obtained from the Bohr frequency relation; Wu * 
matrix element corresponding to transitions between the two given 
energy states; and Pp | yy.) = volume density of blackbody 
radiation at the frequency vy yu #8 given by the Planck distribution 
law. The quantity NO) may be replaced by N&) = Ng, (i) x 
[exp (-B (K)/kTu)| /Q where N = total number of molecules per 
unit volume per unit pressure, a, () 32 statistical weight of the 
upper energy state involved inthe given transition, Q = complete 
partition function, and the expression for Stul®) may be rewritten 


4, g'*)* (640° / 3c) Ng, {%) [ U, 000] lays | 


x {exp | - Etkiite] ied Ba { 9° [oi] ', (Sa) 


Hence, for lines of equal intensity, 
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fase" sofa 
, p(y sc of ° Urals 
x oxo [= 00 - £08") [xh =f (6) 


But 


i Cy | rar faye] [pecs] 
«(enol py (0) EJ. if 
dfoxo [m Uygte'var]- 1 . 
sei (usaf 


x exp fearer Ye) - 406°] | : 


Substituting this relation in Eq. (6) we obtain 


l= | y ylK)/ J, Ky] (o,0 [pi] g., | K) Oras) 2 
x exp ‘ JE = E tt | fxr. 


x exp {rer tay = vy, 0) | (6a) 








-lo- 


In this last expression every quantity is known for a given 
puir of lines, except the temperature T,. Hence Eq. (6a) can be 


used to obtain Tr as 


wl ste. [ E00 - E,(K')| + h [ vy 0 J Uy AK ) 


Ye Cel) 6y0) Cag alk] f 
Uy (K) a (K) fay] ° 





(6b) 


This principle is used in conventional iso-intensity methods for 
measuring temperatures although the approximation UY, (KS Uy, (e ‘) 
is usually added. 

It is clear from the preceding discussion that the practical 
use of Eq. (6b) depends on the identity of a(sa,&)/Ala, K) with 
SY {CO/S, (K). The imitations concerning this relation have 


been discussed in connection with Figs. 1 to 3 and Table I. 


C. Two-Path Experiments for Non-Isothermal Regions (Spectral 


Lines with Doppler Contour, Peak Intensitics). 

Calculations which are made in this section correspond to 
the uesumed experimental errangement illustrated in Fig. 4. The 
OH concentration is treated as a vuriable parameter both in the 
hot region {fe 3 (i - exp (=P na) | and in the cool region 


q ‘ ) 
(e = f - exp ao » 4 | . It is physically reasonable to assume 


é 4€. 





-}}- 


Calculations have been carried out for peak intensities 
end for spectral lines with Doppler contour. Peak intensities, 
even for low-pressure flames with Doppler-broadened lines, have 
not been measured. Such measurements might be possible with 
an interferometer. In particular, it is clear that the results of 
the present calculations do not apply to observational data obtained 
with a low-resolution spectrograph. 

Referring to Fig. 4 the peak intensity I for the spectral 


line whose center lies at it. may be written as follows: 


Ie R ( yp - exp (“Pay XD | 
+ R{ NE - exp (-P | exp (-P_ x) 
+ R | Vy.) f - exp (Prax * exp (-P ax) exp (“Po x) 


x) 
nea X 


+ {ni Ypud{ - exp (Pay X Vere (-2P_ x) exp (-P 


+ R( Uy u) 1 = exp (-P. x1] exp (-3P_ x) exp (-P xX) 


maxX 


t e 8 it. 
+R (dp {2 - exp (+? ae x ){ exp (-2P_¥*) exp (73 Poe X \ 
(7) 
where r is the reflectivity of the mirror and the other symbols 


have their usual meaning. Equation (7) may be rewritten in the 


form 





~-12- 


1=R (p),)\1- exp (Pa | 


' t ' ‘ 
rf ‘ exp (-P_s* - Pan X )+ r exp (-P ax - a? at Xx Y 


+ Y exp (-62 


’ q 
Xx -3P X ) 
ax Iria XX 


+R ( Vy ud [2 - exp (Pas? | exp GP x) 
f + rexp(-P_ Xx - 2P ae *} | (Ta) 


Using Planck's blackbody distribution for R(v),.) it follows that 


« (dy RY, .) = oxof (h Dy /) [usar 


Hence Eq. (7a) becomes 
1/R ( dy.) = {1 soup (Pg | exp (-P_ xX) 
fh + r exp (-P_oax* ~ 2? ax Xf 


+ exp {-1s U, sofart'rarnf( a - exp OPH 


L ( ' ] 
«f + exp (-P_* - a xX ) + r exp (-Pioax*? oF. Xx ) 


i] ¢ 
+r exp (-2>_ * - a 7 Xx )} : (7b) 
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i] 
For reasonable values of T and T and for unit reflectivity of 


the mirror we obtain: 
I= Rr de -€)( 14-0 -€)? | (8) 


] 
If I represents the intensity for the single path, then 


I> R Uy ,,) € (L- € } whence 
bl ~ 14 (heey dice). (9} 


The observable ratio 1/1 has been calculated as u function 
| 
of K for various values of €(K = 1) and € (K = 1) for the 


es 7? or transitions of OH. Results are piotted 


P,-branch and 
in Figs. 5 to 8. Reference to Figs. 5 to 8 shows that the intensity 
ratio WK.)/1 (K) is a very sensitive function of the self absorption 
parameters € and Ee. It is clear that the intensity ratio for two- 
path experiments would be a much less sensitive function of € and 
E for measurements of total intensity. 

The important result derived from the present calculations 
is that even for values of € as small as 0.3 the ratio K)/MK ) 
is appreciably less than two for the stronger lines. In other words, 
@ two-path experiment measuring peak intensities is a relatively 
sensitive device for studying self-absorption and temperature- 


distortion quantitatively. «as will be shown in the following Section 


D, this last conclusion applies also to absorption experiments in 





ahes 


which pesk intensities are measured. 


D. Absorption Experiment for Non-lIsothermal Regione (Spectral 
Lines with Doppicr Contour, Peak Intensities). 


Because of the experimental difficulties arising from inadequate 
resolving power in the measurement of peak intensities for two-path 
experiments, it is of interest to consider the use of absorption 
experiments using discrete line sources. 

Calculations which are made in this section correspond to 
the assumed experimental arrangement illustrated in Fig. 9. The 
light source radiates at the center of a given spectral line as a 
blackbody at the temperature T.- 

Referring to Fig. 9, the transmitted intensity I* for the 


spectral line whose center lies at Up. may be written as follows: 


$ q 
[@ = R(T |) exp BE en oe x - P nax?) 


+ R(T ) {1 - exp (Py x) 


+ at)(1 - exp (=P. x) | exp awe xX ) 


+ R(T) | B= exp (Pag, X) ]ex (-Prnag® - Prag ® (10) 


i) ? t 
For T, >ST, T and exp (-P X), exp a re X )C¢1, 


Tet X 


* = ’ £ 
I*=s R(T.) exp ( LP oma x P naxx) (10a) 








From Eq. (10): 


: 2 
1YR(T.) = exp (-2P_ os xX - P max) 


+ R(T )/R(T,) [ - exp (Pina ®)| 


i] ¢ 
at + exp eee = ae x | 


+ R(TH/R(T,){ 1 ¢ ose (=P na %D| exp (-P_ xX) (10b) 


or 


| q 
IWR(T .) = exp (- 57 e X - P nax>) 


+ exp (-mygrafare' rare, if - exp (Pre * | 
. f 5 OP Pa — Pmmax *)| 
+ oxp{ (0 Yp.,/e){ (1/7) - asl 


x [1 - exp (-P | exp Sa 'x'). (10c) 


M 


In general we may neglect the radiation from the region at tempera- 


q 
ture T and use the relation 


14/R(T,) = exp (-2P_ 9 X - PL. Xx) 


Silly 


+ exp - (bh Upyl)| (1/T) - ast} 
«(i - exp (-P aX) exp (-P_ x) 


= (] “i ya -&) + E(1 - E) oxp {-(2 Yparofoustr-art, 
(10d) 


Mma x 
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If T.>>T, a6 should be the case for a good absorption 


experiment, then 


expf -( Up.) | (0/7 - art, ze~ {-h uy /kT). 


But hv/k = hew/k = 1. 432 and exp (-h vy ,/eT) 
= exp (1.432 x 30, 0000/3000) = exp (-14). 


Hence for T.>>T Eq. (10d) may be written as 
I°/R(T )% (1 - € )* (1 - B). (1) 


Comparison of Eqs. (9) and (11) shows that the transmitted 
intensity divided by the incident intensity from a discrete line source 
is nearly equal to 1/1 - 1 where 1/1 ia the ratio of the intensity 
of the flume for a double-path experiment to the intensity of the 
flame for a single-path experiment. Figures (5) to (8) may then 
be reinterpreted in such a way that 1/1 - | represents the trans- 
missivity of the flame for discrete radiation. 

Since 1/1 or 1/1 - 1, for measurements of peak intensitics, 
are very sensitive functions of the self absorption parameters & 
and € . it follows that 1*/R(T .) is also a sensitive function of & 
and é. Unlike peak intensity determinations in two-path 
experiments, the discrete line source experiment may be feasible 
with ordinary spectroscopic apparatus by using as source OH ina 


discharge tube or else an excited motal line which coincides 





-l]7- 


exactly with a line of OH.* In this connection it is of interest 


to note that the 3063.97 A line of tungsten coincides with the 10' 


line of the (0,0) band, *x —» 7-17 transitions of OH. 


Two-Path Ex 


Lines with Combined Doppler and Collision Broadening, 
Peak Intensities). 


The calculations summarized in this section again correspond 


E. eriments for Non-Isothermal Regions (Spectral 








to the experimental arrangement illustrated in Fig. 4 of Section B. 
The parameter 7 must now be replaced by P( ure) where 
P(W, u) the spectral absorption coefficient at the line center, is 
to be evaluated for combined Doppler- and collision- broadening. 


The quantity P(w, y) is related to P 


ax and a through the 
(9) 


expression 

P(w),,) Ls \ exp (a?)|| erte (a) (12) 
where 

re) 
1/2) & 
erfc (a) = 2/a! [(onp (-x ) | dx. 
[aret hf) f[exp (-x29] 

Equation (9) may be rewritten as 


it~ 14(h- €, = Epic? (9a) 


* absorption experiments using discrete lines as source have 
been considered at various times by most of the active workers 
in combustion spectroscopy. 





-ig . 


where 


Epn-c a] - exp| - (P ax) erfc (a) exp (a?)| . (13) 


ee exp|-(Pinax X) erfc (a ) exp (a =) (13a) 
and a represents the line-shupe parameter for the gases at the 
temperature f : 

The ratio 1/1 has been calculated for a =a ranging from 
Otolo, E(K=1)=0.7, € (K=1)=0.1 and 0.5, for the 
P,-branch, (0,0)-band and a, te Tr transitions of OH. Results 
are plotted in Figs. 10 and ll. Reference to Figs. 10 and 1! shows 
that two-path experiments will yield results which are sensitive 
functions of the line-shape parameter 4, with distortion of 
experimental data by self-absorption diminishing as the numerical 


value of a is increased, under otherwise comparable experimental 


conditions. 


F. Peak Absorption Experiments for Non-lIsothermal Regions 


Spectral Lines with Combined Doppler and Collision Broadenin 
Calculations in this section correspond to the experimental 
arrangement illustrated in Fig. 9 of Section C with oe 


replaced by P(o,,). Here P(Wy,,) again depends on at and a 


as shown in Eq. (12). 





sho 


Equation (11) now becomes 


2 


*/R(T = (l- € (lla) 


p-c! (4 - © pc) 


where €& D-c and | D-c have been defined in Eqs. (13) 

and (13a). Compserieon of Eqs. (9a) and (lla) shows that 

I*/RT. 2 1/1 - 1 is obtained simply by reinterpreting the ordinates 
of Figs. 10 and 11. Hence the same conclusions apply to absorp- 
tion experiments with discrete sources as to measurements of peak 


intensities for two-path experiments. 
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Yl. EXPERIMENTAL STUDIZS ON aACETYLENE-OXYGEN 
FLAMES BURNING aT ATMOSPHERIC PRESSURE 





1. Spectrograph® 


The arrangement for the experiment is illustrated in the photo- 
graph of rig. 12. Radiation from the flame F, is focused on the slit 
S, of the 1.5 meter grating spectrograph SG, by a quartz lens L of 
3 inch focal length and 1.4 inches in diameter. The grating used in 
the instrument has a radius of curvature of 1.5 meters, length of line 
l inch and a ruled surface 2 inches in width. There are 24, 400 lines 
per inch, giving a linear dispersion of approximately 7.0 rn per mm 
in the first order. The radiation is reflected from the grating C, 
onto a [5 inch strip of 35 mm film in the camera C. The camera is 
provided with a ratchet allowing ten settings on each film. It was 
found that not more than three settings, together with a setting for 
the comparison spectrum, could be used without producing over- 
lapping of the spectrum lines. 

2. Densitometer® 


The relative intensitics of the spectrum lines were obtained 


* <A standard 1.5 meter applied Research Laboratories Dietert 
grating spectrograph was used. 


*@ The densitometer used is Madel No. 5400 and was manufactured 
by the applied Research Laboratories in Glendale, California. 








edd: 


by means of a recording inotrument and also by using a visual Film 
Comparator Densitometer. 

3. Flame 

An oxygen-acetylene welder's torch tip was used ae light 
source since it is known that in the oxygen-sacctylene flame the OH 
bands appeur with very high intensity. Diameters of burners used 
were .0465 inches and .07 inches. Tank gauses® were employed and 
controlled at approximately 5 1b/in® gauge pressure by regulators 
on the tanks. Needle valves controlled the flow of gas into a mixing 
chamber on the back of a board, B. The mixing chamber, a cast 
iron pipe, was approximately 3 inches in diameter and 18 inches long, 
and filled with glass beads. Calibrated flow meters, CF, of the 
floating ball type were used for flow measurements Cf. Fig. 12 , 
readings were accurate to about 5 per cent. 

4. Film Calibration 

Fully exposed film in the 3100 A region could be obtained, 
using Eastman Spectrum Analysis Film No. 1}, in about 3 minutes 
whon the spectrograph was focused on the inner cone; exposures of 
about 15 minutes were required for measurements on the outer cones. 
Lean mixture ratios, corresponding to approximately one half of 


stoichiometric, were used. «a rotating four step sector, SS, was 


* The gases were purchased from Linde Air Products Co. 
Gas purities were specified by the manufacturer as follows: 
oxygen 99.7 per cent and acetylene, 98 per cent. 
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provided on the spectrograph by means of which film calibration 
could be obtained, following standard procedures, ‘1° 

The film was processed with Eastman Developer D-19 
and Film Fixer F-5. Four minutes was allowed for developing 
and 10 minutes for fixing. The film was then washed for 10 minutes 
in tap water, followed by washing in distilled water. 

5. Alignment of Flame 

The flame waa aligned with respect to the spectrograph by 
forming @ real image of a 6 to 8 volt head lamp bulb, which was 
placed at the position of the camcra. The primary slit of the 
spectrograph, as well us the secondary aperture, were opened 
fully, and the image of the lamp, after passing through the spectro- 
graph, was focused over the burner tip in the region of the flame 
which was to be photographed. The two-path experiment was per- 
formed by aligning the spherical mirror, M (focal length of 
19 inches), so that the region of the flame to be studied wus centered 


at the radius of curvaturo of the mirror. 


B. Methods for Determining the Rotational Temperature of the 
Upper Energy State 


1. Standard Emission Experiment 
In order to determine the rotational temperature of OH from 
emission spectra in the absence of self-absorption, the following 


equation is customarily employed”) 


+25< 


3 bn Lf Ry 2d Mg 4)" By (ayy) | 


Av 
Lu — > (14) 


3) B.C) kT 





where 4 R,, dv is proportional to the measured peak intensity 
Uy 

of a line obtained with « low-resolution spectrograph; values of Uy 

g(a yy) and E(k) have been defined in Purt I and are tab- 

ulated in the report of Dieke and Crosswhite. ") In practice it is 


convenient to utilize Eq. (14) in the form 


u 


2. 3030 log C/esasfns oh Mey q eal Hise) al’) 


uy 
JE, 


l 
kTu 


(15) 





Equations (14) and (15) apply only to isothermal systems. 
2. Two-Fath Experiments for Isothermal Systems 
In order to determine the rotational temperature of OH from 

a two-path experiment it is necessary first to estimate a value for 

the line-shape parameter, a. Once @ is known, we may obtain 

P ng x frornm theoretical curves giving f as a function of P nax 


x 
(11) 


for isothermal systems, where f corresponds to the observable 


ee 








-24- 


ratio of total intensity for the single-path to the double-path. The 


temperaturc may then be obtuined from the equation! *®) 


d kn {Ppa ) eta a K 
, xi [outa of | = - 1/kT,. (16) 


O(E,-h 4) 


all errors arising from self-absorption are eliminated by using 
Eq. (16) which, however, is valid only for isothermal emitters and 
requires accurate estimates of both a and of P inax? At the 
present time the uncertaintice in the value of a are such that no 


satisfactory application of Eq. (16) is possible. 


@.. Experimental Data on acetylene- en Flames*® 

1. Standard Emission Experiment on the Inner Cone 

A temperature of 3270°K was obtained from a standard 
emission experiment on the "inner cone" with an oxygen-acetylene 
flame in which the fuel to oxygen ratio was one quarter of the 
stoichiometric ratio. The calculated and experimental data which 
were used in Eq. (15) are summarized in Table II and are plotted in 
Fig. 13. Reference to Fig. 13 shows considerable scatter of the 
experimental data especially for the points corresponding to amall 


¢ The experimental date refer to the P,-branch, “x —> “aT 


transition, (0, 0)-band of OH. 
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values of K. It should be noted that the apparent rotational tem- 


perature ie somewhat higher than the adiabatic flame temperature, 


in accordance with the experimental findings of other investigators. 


However, the significance of this result cannot be assessed with- 
‘out suxiliary studies concerning distortion of duta by temperature 
gredients and by self-absorption. 

2. Two-Path Experimente on the Outer Cone 

8 a first attempt to assess the suitability of two-path 
experiments for spectroscopic studies of flames burning at atmos- 
pheric pressure, measurements were performed on the outer cone 
of un acotylene-oxygen flame (fuel to oxygen ratio equal to one half 
of the stoichiometric value). Considerable care was exercised in 
order to align the spherical mirror properly. 

The results of a single-path and of a two-path experiment 
are summarized in Table Il. Conventional plots, using Eq. (15), 
of the experimental data ere shown in Figs. 14and 15. Apparent 
temperatures of about 4000°K were obtained, although the scatter 
of the experimental data was considerable. 

It is clear that the appurent rotational temperatures are too 
high since they exceed the adiubatic flame temperature ina region 
in which thermodynamic equilibrium is known to exist. It is, how- 
ever, easily shown that the results are not significant and that 
extensive distortion of experimental data by self-absorption must 


have occurred. 
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In Table IV the measured intensity ratio for the two-path 
experiment to the single-path experiment is shown as a function 
of K. Reference to Table IV shows that R goes through a 
pronounced minimum near K = 8, the maximum difference in 
intensity corresponding to about 40 °/o. A result of this sort is 
in accord with the idea that the concentration of OH is too large 
to justify the use of conventional methods of interpretation of 
experimental data. 

In view of the lack of quantitative information concerning 
the line-shape parameter 4, it is not possible to use the data 
shown in Table IV for quantitative estimates of Th However, it 
is clear that for all veces values of a, the value of P ax? for 
example, for line line K = 2, cannot be small compered to unity. 
For a = 2, the use of available theoretical data!) leads to results 
such as P naxt?)% = 18, P naxt2)*= 6, etc., which are in rough 
accord with theoretical predictions based on absolute intensity 
estimates for representative lines of on. '6) 

Unfortunately time did not permit more extensive quantitative 
applications of two-path experiments. On the basis of the results 
obtained in the present investigations it is apparent that the use of 
multiple-path techniques for quantitative measurements on the 
inner cones of flames burning at atmospheric pressure presents 


considerable experimental and theoretical difficulties. However, 
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the method appears to be relatively easy to apply if one is 
interested only in determining semi-quantitatively the extent of 


distortion of data by self-absorption. 
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Table IV. Measured Intensity Ratio for Two-Path Experiment 
to Single-Path Experiment 


. isp. lp. P. . 
Intensity of Intensity of Ratio of 
Single Path Double Path Intensity of 


Double Path to 
Intensity of 
Single Path 





2 0. 50 0.71 1.42 
5 0.62 0. 80 i... 87 
6 0.65 0. 86 1. 33 
9 0.70 0. 88 1. 26 
tl 0.65 1.05 1. 61 
13 0,53 0. 86 1.63 
14 0, 50 0.82 1. 64 
15 0. 43 0.72 1.67 
16 0. 435 0.76 1.75 
17 0.295 0, 50 1.70 
19 0.185 0.31 1.68 
21 0,125 0.18 1. 44 
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TO SPECTROGRAPH 
——___—. 





SYMMETRICAL FLAME MIRROR 


FIG.4. SCHEMATIC ARRANGEMENT OF TWO-PATH EXPERIMENT 
FOR A FLAME REPRESENTED BY TWO ISOTHERMAL 
REGIONS. 











l2 





i > od > al cao 
> > > oa ~—e . = i ——V< -_- 
—— = — > ee i a —— 
> ~ ~ > -~ al = > 
com e ° ¢ 2s oo > 7 
+ + ° - > ad > 
= 
° 

° ad a - -~ 
— - > bd ? 2 o 
bd * + ds hal > a > — 

=—— 
e 
= oa > So —e ° + + 
> + o 4 - ° + * 
aa bad > > ———— > a — 
eel : 
e 

> ~~ *- oe - oo — ——=»>————— -_-— 
ad > + 5 


oe eee 


The quantity. I/Lt.as a Functionof 
K for ©&=(0.3,' €' = 0, 0.05, 0.10 
and 0.3 


~+> + 4 - > 


+ + oa +> + +> oe + 


liS6 1 2O 22 2% 26 BB ao 
K 













¢ e 


' 








—_—_—_—_—<e— Oo eH a Sr ~~ ‘. = 
E=/05 
————— 
|.9 _ — + oe - -- o - 
Fige 6 
- = ye tie A p 


The Quantity I/I' as a Function of K 
| BL ter € 065, €!-= 0, -0.1L, 0.3, and__. 
0.5 


it diel > jess 9 Qu 


L.——_— : 
1.6 - . i 


e co & 
: 
Py - ; . 


, 


x 
1.5, @- 
x 
~~ 


| a-ee—--  --—_++ -. 
e 


GC €@ 4 6 € OW 2 S&S BS IW @ @e 24 26 A a 














oO 8 rrr ae er FE SE te te -— _ 


E.@t).7 


=> > > we ——e > bd ad ?- 


Fig. 7 






The Quantity I/I' as a Function of K for 
£067, le' =.0, 0.1, Dud, DoS» and Oa? 





ec € 6 6 0 Re we 6 BB DO Aa OS A ee 

















1.9 > ie . + - ~ + — 5 
_Fig. 8 


<2 


The Quantity I/I' as a Function of K for 
1.8 = 0.9, €' = 0, Osky Ov3,-O05y Oot, -and 


om ? + Saad ° a = + 


0 ° 4 668 10 e@ 48 © 6 ec 22 24 26 ae aD 
K 





LO 





LIGHT SOURCE EMITTING 
DISCRETE LINES. 





FIG.9. SCHEMATIC ARRANGEMENT OF ABSORPTION EXPERIMENT 


FOR A FLAME REPRESENTED BY TWO ISOTHERMAL 
REGIONS. 
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EXPERIMENTAL APPARATUS 
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